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1. Introduction
Breast reconstruction, after the traditional radical mastectomy, is particularly challenging for
a plastic surgeon. For these patients, not only the breast but subclavian and anterior axillary
fold deformities need to be reconstructed. The TRAM flap including zone IV is usually required
to be used for this complex reconstruction. The design of a TRAM FLAP with bipedicled deep
inferior epigastric vessels would insure the perfusion of whole flap. However, it is difficult to
find two sets healthy recipient vessels since the thorocodorsal vessels are usually damaged
during axillary dissection or radiation therapy.
Fujino first reported the use of the internal mammary artery (IMA) as the recipient artery in
breast reconstruction with superior gluteal microvascular free flap in 1975 [1]. The technique
of use of the IMA as a recipient artery was modified and popularized by Shaw (1983) [3]. In
1994 [5], Blondeel and colleagus reported a refinement of breast reconstruction by the use of
a bilateral deep inferior epigastric perforator flap in one woman with a vertical infraumbilical
scar, in which the two arterial pedicles were anastomosed to the proximal IMA by end-end
and end-side patterns. However, the procedure is complicated and technically demanding.
Conventionally, the proximal ends of internal mammary artery and vein (IMA, IMV) are
usually used as the recipient vessels in breast reconstruction with free flaps. Since 1980s, we
have used both the proximal and distal ends of internal mammary vessels as recipient vessels
for end-end anastomoses to the vessels of the bipedicled flap and proved that the distal IMA
© 2013 Mu and Li; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
with retrograde flow could be used as one of the supplying arteries for a second anastomoses
in the breast reconstruction. [6 - 11]
This chapter will describe the anatomy, arterial pressures of antegrade and retrograde flows
of IMA, and clinical applications of the use of proximal and distal IMAs as recipient arteries
for breast reconstruction with bipedicled TRAM or DIEP flap from our experimental and
clinical studies.
2. Anatomic study
Materials and Methods: The cadavers (3 males and 7 females) fixed with formalin were used in
the study. Sixteen sides of abdomino-thoracic wall were dissected and four sides were made
into morphological transparent specimen [8]. How the vessels were running, the relationship
of vessels and the vessels’ diameter were recorded by photo and measured by vernier caliper.
Results: 1) The IMA was found originating from the subclavian artery, then running along
the sternum, and segmentally connecting to the intercostal arteries from the aorta. It was
divided into two ends at  the sixth intercostal  space as the deep superior epigastric  and
musculophrenic arteries.  The musculophrenic artery was found linked to the abdominal
aorta by anastomosed with superior and inferior phrenic arteries. This is the anatomic ba‐
sis of distal end of IMA as one recipient supply artery, which means that, if the IMA was
cut off near the third intercostal space during the clinical procedure, the retrograde IMA
flowed  distally  from  the  extensive  anastomoses  among  the  intercostal,  musculophrenic
and deep superior epigastric arteries.[Fig.1].
Figure 1. The anastomoses among DSEA,m.p.a. and i.c.a;
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2) There were two accompanying veins found with communicating branches. No valve had
been found inside the internal mammary vein, intercostal vein and communicating branches.
The IMV retrogradely drained distally from two direct ways, via the communicating branches
to the other IMV and then to the subclavian vein and via the intercostal vein to the posterior
intercostal vein and then to the vena azygos [Fig.2].
Figure 2. Transparent Morphology specimen of the Thoracoabdominal Wall
Figure 3. Operative Technique Demonstration
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3) The mean diameter and standard deviation of the IMA at the third intercostal space was
2.79 ± 0.15 mm. The diameter of the IMV ranges from 1.50 to 3.94 mm.
4) The Deep Inferior Epigastric Artery (DIEA) was found originating from the external iliac
artery under the middle of the inguinal ligment, and then running up medially between
peritoneal and transverse abdominal fascia. Under the posterior sheath of rectus abdominal
muscle above the semicimular line, it ran up inside the muscle, and connected with the deep
superior epigastric artery (DSEA) with “spirial chock anastomosis” at the nearest tendinous
intersection above the umbilicus.
5) There were two accompanying veins to the DIEA. The mean diameter of the larger vein was
2.14 ± 0.05mm, while the DIEA was 2.42 ± 0.06mm at their original points of inguen [9].
3. Pressures in a canine model
Materials and Methods: Ten dogs (weight 6-8kg) were given general anesthesia and moni‐
tored. After the anterior thoracic wall was opened along the middle line, in the third intercostal
space, the pressures at the two ends (proximal and distal) of IMA were measured in twenty
sides (both right and left sides using Eight Channel Physiologic Instrument 6400 Japan).
Results: The mean pressure at distal end was 86/77 ± 0.02 mmHg (left sides) and 87/78mmHg
± 0.03(right sides). It was 63-71% of the proximal end (p<0.05). There is no statistical significance
(p>0.05) between the pressure of left side and that of right side [10].
4. Arterial pressures measurement in patients
Patients and Methods: Between 1988 and 2010, 50 cases of unilateral breast reconstructions
were performed using the free TRAM, muscle sparing TRAM or DIEP flaps including bilateral
deep inferior epigastric vessels as the pedicles. Both pedicles were anastomosed to the two
ends of internal mammary vessels (proximal and distal) all by end-end. Here, the procedures
of the arterial pressures from both proximal and distal and skin Perfusion Units on different
points of flap were measured in two cases. Case 1: A thirty-six-year-old woman was hospital‐
ized for right breast reconstruction, five years after radical mastectomy. Case 2: A fifty-year-
old woman wanted her left breast reconstructed, eleven years after radical mastectomy.
4.1. Surgical technique
Pre-operative planning: The diameter and flowmeter of IMA, IMV, DIEA, DIEV were checked
by colour Duplex scanning (Acuson 128*P). The flaps were measured 13 cm in height and 42
cm in width. From the middle line, four points were marked cranially and laterally from each
side for the measurement of the Perfusion Units. The pressures of both sides DIEA were
measured with the same method described above before they were transected.
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Preparing of IMA, IMV and the measurement of pressures: 2 cm length of 3rd or 4th rib
cartilage was removed. About 4 cm of IMA, IMV was exposed well. Before transection, a needle
that had been connected with Multifunction Monitor (HP 6112 U.S.A.) was punched inside the
middle point of IMA. The IMA was clamped at the proximal end for pressure measurement
of the distal end and vice versa.
Skin Perfusion Units with bilateral DIEA, DIEV pedicles: The Perfusion Units on different
points of TRAM flap were measured with Laser Doppler Flowmeter (PEREFLUX PF3 Sweden)
with different conditions: before flap incision; on both pedicles and with right or left pedicle
only.
Preoperative MDCT: Since 2006, MDCT has been used to help pre-operation planning,
harvesting the perforaters. Both donor site (deep inferior epigastric artery and vein) and
recipient site (internal mammary atery and vein) can be evaluated. [12]
Vascular Anastomosis: After transection of the pedicle, the flap was weighed, photographed
and transferred to the chest wall. The flap was bent 90° so that the donor vessels close to the
recipient vessels are without tension. The flap was then fixed to the chest wall skin. Next, four
conventional end-to-end anastomoses were performed among the arteries and vein. The
immediate rate of blood flow of the arteries anastomosis site was measured with Electromag‐
netic Flowmeter (3200 Japan). Then, the PU was monitored under different conditions.
Shaping of the breast: With bilateral pedicles (two arteries and two veins) the whole flap could
be used safely. The flap was positioned in a U-shape, lateral part of the flap ending up laterally
de-epithelialised and placed under the local flap to recreate a natural looking anterior axillary
fold.
Post-operation monitoring and follow-up: The Perfusion Units on different points of TRAM
flap were measured from the first to seventh day, and on the fourteenth day after the operation.
4.2. Results
The flap survived 100% with satisfied contour. The two anastomosis sites were followed up
by colour Doplex scanning (Acuson 128*P) five years after the operation on one patient. Both,
the flowmeter of the proximal and distal anastomosis stomas were similar. One flap failed due
to the artery thrombosis during and after operation, despite several re-anastomosis. 48 hours
after the operation, the flap was removed and skin graft was performed. Every part of
remaining 49 flaps survived completely with satisfied breast contour.
4.3. Typical cases
Case 3: A fifty-six-year-old female, 12 years after the radical mastectomy and radiation therapy.
Verticle and long incision scar was noticed. Not only that the left breast was lost, but serious
deformity of chest wall including an unstable scar in part below clavian, axillary fold and
axillary area was noticed. Her right breast was big and a matched felt reconstructive breast
was desired. Middle vertical infraumbilical caesarean scar was noticed on her abdominal wall.
Free bilateral deep inferior epigastric vessels TRAM flaps (12*42cm*), anastomosed to the two
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ends of internal mammary vessels (proximal and distal) all by end-end was performed for left
breast reconstruction. Upper and lateral part of the flap were de-epithelialised and placed
under the local flap to recreate a natural looking chest wall and anterior axillary fold. Six
months after the operation, nipple reconstruction with modified “arrow” flap was made. [Fig
4,5]
Figure 4. Pre-operation
 
Figure 5. Post-operation
Typical case 4: A fourty-two-year-old female, five years after the left modified radical
mastectomy and radiation therapy. Her right breast was big, with abdominal wall not thick
enough having a transverse Caesarean scar.
Free bilateral deep inferior epigastric vessels DIEP flaps (10*30cm*), anastomosed to the two
ends of internal mammary vessels (proximal and distal), all by end-end were performed.
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Upper and lateral part of the flap were de-epithelialised and placed under the local flap to
recreate a natural looking chest wall and anterior axillary fold. New nipple was reconstructed
with modified “arrow” flap, and the areolar was made by a tattoo. [Fig 6,7]
Figure 6. Pre-operation
 
Figure 7. Post-operation
Typical case 5: A fifty-one-year-old old female, ten years after a radical mastectomy and
radiation therapy with verticle scar. Even though her right breast was big, her abdominal wall
was thin. Free bilateral deep inferior epigastric vessels DIEP flaps (9*28cm*), anastomosed to
the two ends of internal mammary vessels (proximal and distal),all by end-end were per‐
formed. Upper and lateral part of the flap were de-epithelialised and placed under the local
flap to recreate a natural looking chest wall and anterior axillary fold. New nipple was
reconstructed with modified “arrow” flap, the areolar was made by tattoo, bilateral for
symmetry [Fig 8,9,10]
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Figure 8. Pre-operation
Figure 9. Post-operation
Figure 10. Post-operation
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5. Discussion
Owing to its anatomic position, the internal mammary artery (IMA) has been popular in
coronary artery myocardial revascularization since 1968 [13]. Studies on its histology, histo‐
chemistry, immunohistochemistry, morphology and hemodynamics have shown that the IMA
has many advantages such as: thin intima with endothelium-derived relaxing factor (EDRF),
fine compliance, relative freedom from arteriosclerosis, and decreased thrombosis or arterio‐
stenosis after coronary bypass operation. Both, the early and late patency in patients are higher
than that with vein bypass. In order to reduce the anastomotic tension, some authors proposed
that the coronary artery myocardial revascularization could be made by means of retrograde
IMA flow. So far, this theory has been only proved to be feasible in animal experiments by
Folts (1981) [14 ] and Wang Zheng(1987) [15]. Paletta (1994) [16] described the extensive
anastomoses among the IMA, DSEA, intercostal arteries, musculophrenic arteries in dogs. It
is similar to that of human being.
This chapter confirmed the feasibility of using the distal ends of the IMA as recipient vessels
for free flaps simultaneous by using the proximal ends. In patients, the pressure at distal end
was 66 and 58 mmHg. It was 75-77% of the pressure of the proximal ends. When the flap was
supplied only by distal ends of IMA, IMV, the Perfusion Unit of ipsilateral flap was 4.0-6.0,
and the Perfusion Unit of contralateral side of flap was 1.4-1.8. When the flap was supplied
only by proximal ends of IMA, IMV, the perfusion unit of ipsilateral flap was 3.0-15.0, and the
perfusion unit of contralateral side of flap was 1.8-2.1. When the flap was supplied by distal
and proximal ends of IMA, IMV simultaneously, the Perfusion Unit of flap with distal side
was 4.0-6.5, and the perfusion unit of flap with proximal side was 4.0-16.0. The blood flow at
the two anastomoses sites were similar to each other in a later stage (measured five years after
the operation). This indicated that, at the beginning, the pressure of the distal end of IMA are
lower than the pressure of the proximal end. However, over the time, they have reached a
balance. The vascularity in all territories of revascularized bipedicled (proximal and distal )
TRAM flap is very good. 49 cases survived completely with satisfied breast contour.
This technique has been popularized in China [17,18],Canada [19],U.S.A. [20],UK and Italy
[ 21].
6. Conclusion
Free bipedicled deep inferior epigastric TRAM /DIEP flap is needed for radical mastectomy
deformity or big breasts and can be performed on thin patients or patients with vertical midline
scar.
Internal mammary vessels can provid double recipient vessels (proximal and distal ends) for
anastomosis to both DIEA, DIEV anastomosis.
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Our clinical and experimental studies showed that the distal IMA has reduced perfusion
pressure but it provides excellent flow and flap perfusion. This allows reliable use of two
pedicles for the survival of the entire flap.
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